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Abstract—Copper slag is an industrial by-product, produced during 
manufacture of copper. Due to depletion & thereby scarcity of 
natural resources seems to be a problem for successive generations, 
it is needed to search the alternatives of natural sand (river sand). 
This paper presents the results and comparison between the 
properties of conventional concrete & concrete made by partial 
replacement of river sand by copper slag. For this research M20 and 
M40 grade of concrete were used. And the replacement of natural 
sand by copper slag was 20%, 30%, 40% and 50%. Maximum 
compressive strength was found at 40% replacement level at 7 days 
and 28 days for both grades. Increase in compressive strength can be 
up to 41% from that of the control mix design concrete. 

1. INTRODUCTION 
Concrete, is the second most used material for construction 
purpose in the world after steel. It is a composite material 
made up of various materials such as cement or cementitious 
material, water, coarse aggregates, fine aggregate etc. Now a 
days in developing countries like India, is going to need 
concrete in bulk for consistent development. For conventional 
methods natural resources are being used as fine aggregate 
(river sand), which causes depletion of natural resources 
thereby creating hazardous ecological situation like 
unbalancing environment. So protecting natural resources has 
been a major concern of the day. It can be only done by 
banning sand mines and utilization of industrial waste product 
or by products as fine aggregate. It will result profitable for 
both waste dumping as well as reduced cost of construction. 
Previously many researchers have found that industrial wastes 
have resulted better properties of concrete. In this paper, we 
have replaced river sand by copper slag by 20%, 30%, 40% 
and 50% respectively to find the variations in 7days & 28days 
compressive strengths of M20 & M40 grade of concrete. 

2. PHYSICAL AND CHEMICAL PROPERTIES OF 
COPPER SLAG 

Copper slag is black glassy and granular in nature as shown in 
figure1. And similar particle size as that of river sand so it can 
be used as a replacement material for FA. The bulk density of 
the slag varies between 1.7g/cc to 1.9g/cc, the specific gravity 
is approx. 3.68 (slightly lesser for river sand). The hardness of 
slag is 6-7 in Moh scale (equal to gypsum), an ingredient of 
PPC). The pH of the aq. solution varies from 6.6 to 7.2. The 
limiting water soluble chloride content as per IS 11127 is 
11ppm. The slag is conforming to the above standards. The 
free moisture content present in slag was found to be less than 
1%.The chemical composition of slag is presented in Table1 
presence of silica in slag is about 26% which is desirable since 
it is one of the constituents of the natural fine aggregate used 
to normal concreting operations. The presence of copper, 
alumina, sulphate in the slag were only traces and hence not 
harmful.  

Table 1: Composition of Copper Slag 

S. 
no. 

Chemical compounds % of compounds (approx.) 

1. Fe2O3 69 
2. SiO2 26 
3. Al2O3 0.22 
4. CaO 0.15 
5. MgO 0.2 
6. Na2O 0.58 
7. K2O 0.23 
8. Mn2O3 0.22 
9. TiO2 0.41 
10. CuO 1.2 
11. Insoluble residue 14.88 

 



Co
 

Pro
are

3. 

Fo
Co
sta
in 
gra
con
for
com
cal

Mi

Cu
48
rep
bel

 
M

0%
20
30
40
50

 
M

0%
20
30

opper Slag, A S

operties of mi
e almost simila

EXPERIME

r our research
oncrete of grad
andard. Then c
two triplets (o
ade and all rep
nditions as per
r compressive 
mpressive str
lculated. 

ix Design Deta

ube samples of
3 containing d
placement of ri
low in Table2 &

Table 2: Mi

Mixes Cem

% CS 3
0% CS 3
0% CS 3
0% CS 3
0% CS 3

Table 3: Mi

Mixes Cem

%CS 384
0%CS 384
0%CS 384

Solution and an

Print ISSN: 23

xed Fine aggr
ar to that of the

Fig. 1: Co

ENTAL PROG

h work, an exp
de M20 & M4
cubes (150mm
ne for 7 days &
placement leve
r codal provisi
strength. As o

rength, so on

ails 

f grade M20 &
different propo
iver sand. Diff
& Table3. 

ix Design Detail

Raw 
ment Sand

308 896.6
308 717.32
308 627.62
308 537.96
308 448.30

ix Design Detail

Raw m
ment Sand 

4 804 
4 643.2 
4 562.8 

n Alternative to

Journal of C
349-8404; Onli

regate at all re
 river sand.  

opper Slag 

GRAM 

perimental pro
40 were design

m*150mm*150m
& another for 2
els. They were
ions. Then sam

one can infer o
nly compress

& M40 were de
ortions of copp
ferent mix prop

ls for M20 Grad

material in kg/
d Copper 

Slag 
6 0 
2  179.32 
2 268.98 
6 358.64 
0 448.30 
 
 
ls for M40 Grad

material in kg/m
Copper 

Slag 
C

0 
160.8 
241.2 

o River Sand a

Civil Engineer
ine ISSN: 2349

eplacement lev

 

ogram was set
ned as per Ind
mm) were cas
28 days) for ea

e cured in norm
mples were tes
other strengths 
sive strength 

esigned as per 
per slag as par
portions are giv

de Concrete  

/m3 
Coarse 

Agg. 
w/c

rati
1107 0.5
1107 0.5
1107 0.5
1107 0.5
1107 0.5

de Concrete 

m3 
Coarse 

Agg. 
w/c

rati
1111 0.4
1111 0.4
1111 0.4

nd in Concrete

 

ing and Enviro
9-879X; Volum

vels 

tup. 
dian 
sted 
ach 
mal 
sted 

by 
is 

IS: 
rtial 
ven 

c 
io 
5 
5 
5 
5 
5 

c 
io 
4 
4 
4 

40%CS
50%CS

 

Cube c

Compre
were ill
IS stand

F

The res
M40 res

e Manufacturin

onmental Techn
me 2, Number 

S 384 
S 384 

ompressive st

essive strength
lustrated in tab
dards shown in

Fig. 2: Test proc

sults are illustr
spectively for 7

Table 4: comp

Table 5: Com

ng

nology 
3; January-Ma

482.4 32
402 4

trength tests a

h of cube spec
ble & table. Th
n Figure2. 

cedure for comp

rated in Table
7 days strength

pressive strengt

pressive Streng

arch, 2015 

21.6 1111
02 1111

and results 

imen at 7days
he procedures 

pressive strengt

e 4 & Table 5 
h. 

th of M20 in 7d

gth of M40 in 7d

215 

 0.4 
 0.4 

s and 28days 
were as per 

 

th test 

for M20 & 

days 

 

days 



21

Re
illu

 

6

esults of 28da
ustrated in Tab

Table 6: C

Table 7: C

Print ISSN: 23

ays M20 and 
le6 & Table7 r

Compressive St

Compressive St

Journal of C
349-8404; Onli

M40 grade c
respectively. 

trength of M20 

trength of M40 

Civil Engineer
ine ISSN: 2349

concrete mix 

in 28days 

in 28days 

Raja Ab

 

ing and Enviro
9-879X; Volum

 

are 

 

Fig. 3

Fig. 4

C
om

p
re

ss
iv

e
st

re
ng

th
(N

/m
m

2)
C

om
pr

es
si

ve
st

re
ng

th
(N

/M
M

2)

bhishek, Krishn

onmental Techn
me 2, Number 

3: compressive 

4: Compressive 

0

5

10

15

20

25

0C
om

p
re

ss
iv

e 
st

re
ng

th
  (

N
/m

m
2)

Repla

31
31.5

32
32.5

33
33.5

34
34.5

35
35.5

36

0

C
om

p
re

ss
iv

e 
st

re
ng

th
 (

N
/M

M
2)

 

Rep

na Murari, Atul

nology 
3; January-Ma

strength of M20
 

strength of M4

20

acement level b

20

placement level 

l Singh and Sac

arch, 2015 

0 grade concret

40 grade concret

40

y copper slag ( 

40

by copper slag

chin Gangwa 

 

 

 

te in 7days 

 
te in 7days 

60

% ) 

60

g (%)



Copper Slag, A Solution and an Alternative to River Sand and in Concrete Manufacturing 217 
 

 

Journal of Civil Engineering and Environmental Technology 
Print ISSN: 2349-8404; Online ISSN: 2349-879X; Volume 2, Number 3; January-March, 2015 

 

Fig. 5: compressive strength of M20 grade concrete in 28 days 

 

Fig. 6: Compressive Strength of M40 Grade Concrete in 28days 

4. MATERIALS USED 

Cement 
Portland Pozzolana cement of specific gravity 3.65 and 

fineness modulus of 4.62% was used. 
Coarse aggregate 

Crushed angular basalt of 10mm and 20mm sizes were 
used in 40:60 proportions. 
Copper Slag 

Copper slag of specific gravity 3.68 was used. 
Test specimen 

Test specimen of (150mm*150mm*150mm) dimensions 
were casted. 

5. DISCUSSIONS OF RESULTS 

Quantities of material 

Table 2 and table 3 gives the quantities of materials used for 
M20 & M40 grade of concrete. 

Compressive strength 

From the results of our experimental investigations we 
analyzed that up to 40% replacement of natural sand by 
copper slag, the compressive strength increased. However for 
mixes with 50% replacement compressive strength decreased 
rapidly. For M20 grade mix concrete with 40% of copper slag 
at 7days, 28days compressive strength were 21.31N/mm2 and 
36.12N/mm2 compared with 17.30N/mm2 and 26.68N/mm2 for 
the control mix. And for M40 grade mix concrete with 40% of 
copper slag at 7days, 28days compressive strength were 
35.76N/mm2 and 52.25N/mm2 compared with 31.31N/mm2 
and 45.99N/mm2 for the control mix. 

For M20 grade concrete with 50% of copper slag replacement 
the 7days and 28days compressive strengths are 20.14N/mm2 
and 32.56N/mm2. Whereas, for M40 grade concrete with 50% 
of copper slag replacement the 7days and 28days compressive 
strengths are 31.64N/mm2 and 50.15N/mm2. These variations 
are shown in Fig. 3, 4,5 & 6. 

Copper Slag has a lower water absorption capacity when 
compared with Sand. The lower water absorption capacity 
causes increased free water content there by decrease in 
Compressive Strength. 

6. CONCLUSIONS 

Copper Slag behaves similar to River Sand, for its use as fine 
aggregate (partially or in blending) in Concrete mixes. 
Addition of Copper Slag in Concrete increases the density, 
thereby the self-weight of Concrete. The results showed that 
the workability of Concrete increased substantially with 
increase of Copper Slag content in the concrete mixture due to 
the low water absorption, coarser (in nature than sand) and 
glassy surface of Copper slag, thereby the Strength properties 
also improved. The Compressive Strength of Concrete is 
comparable to the control mix up to 40% of Copper Slag 
substitution, but they decrease with a further increase in 
Copper Slag contents (due to the increase of free water content 
in the mix). Compressive Strength of Copper Slag admixture 
Concrete, increased due to high toughness of Copper Slag. 
Replacement of Copper Slag as fine aggregate in concrete 
mixes reduces the cost of concrete production. The utilization 
of Copper Slag in Concrete production provides additional 
environmental as well as effective waste management 
technique for all the related Industries. 
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